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A NAND Flash Disk Simulator Based on Disksim

Student: Te-Ming Kuo Advisors: Dr. Ruei-Chuan Chang

Degree Program of Computer Science
National Chiao Tung University

ABSTRACT

Disksim is an efficient, accurate and flexible storage system simulator that can
simulates the performance of disks, controllers, buses, drivers, schedulers, disk caches and
disk arrays. It is widely adopted in the storage system research. Due to the
light-weight and low-power requirements, most embedded systems use flash memory,
especially NAND flash, as storage. However, Disksim does not support flash storage. In
this paper, we extend the functionality of Disksim 4.0 to flash storage systems via adding
flash device and controller modules.

To achieve the goal, we first study the execution environment of Disksim and
evaluate its input and output to understand its functionality. e then analyze the
hardware architecture of flash storage systems and their topologies. Finally, we extend
Disksim by implementing flash device and controller modules. The performance
parameters of the flash device and controller modules are obtained from datasheets of
several flash chips. Moreover, the controller module includes an implementation of the
FTL callback as a reference for further flash storage research.

We use a real hardware platform (i.e., RTD2950 with a built-in NAND controller and
a HY27UF082G2B NAND flash chip) to measure the accuracy of the results reported by
the extended Disksim. The experimental results show that the error of the extended
Disksim is within 5.84%, demonstrating the usability and accuracy of our work.
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BRE G AT T AR > BT Eieé,—fﬁi%]/\/ﬁi%]ﬂﬁ (I,/70) »tie > X387 %
kg i‘»tj;’%_ FF14[1,2,345] - 2 ¢ Disksim[6] AizatFTy bz £ & o
£ 5 v B oond 4R B RS HOREE R R
SRBAR S #i%%iﬁ; CEARR-B R ~ BERL A 0 B H R AR Y
2% 5@ E #7 T E 1 B o 2Rm o Disksim Tl s ks KR IR R o

_Ja SR R R R A LR T S

.Q o

PP iefptia & 4 5 = 48 D NAND = NOR - NAND £ NOR st fie 4 4

% 1oigk 7 et = - Y A7 2 4pF - NOR 7 2 4242 558
Fo@PdERE BrE RN ta2d BRI %AE om NAND #
Bt g £ o e EE LR E B 417 0 NOR 7 4 3425448
HET FPERRE- B ERARN LAZEISRIOETRA > BET R
digrtid & 2 T AR ARl 0 Flet NAND AR 0 38 % 30+ 7 8 ez
i o Bl 1M NAND PP elffcnim 58] - — B NAND PP sty 24
¥+ block - = i block i ¥ £d4 32 ¢ 64 1 page H= -+ i page &_
512 =z = (small block) # 2048 = = (large block) -

B 2[8]5. NAND E-Fezcigfcns B 6« 2 B 0 B 3[6]4 % & st
P o d * NAND F 8-bit £ 16-hit = &7 & > 1015 ~ 108 ¥ % 16-bit ¢35 &
Food P T AR e R s BR[O B AR S S 7 R 0 Bilde D B R
R G AR - B PR R o B fa'rﬁ@aﬁ':@is‘@ﬁe"f ABF {6 A Ay H#-
ToHd 01l 2 ednfmBr—=>m “%ﬂ%fmaﬂi{" e i F -
=D P L8 T i S PR o s E g
= bad block o 70 if e B idad =6 TP e RAEOTFIEL > ¥ 5 0 R
BT 2 R F % i su (NTFS[10], FAT16/32, EXT3) Ti8 % » Bk *
- f& 2 A PP e gt gk (Flash Translation Layer, FTL )
[11,12,13,14,15,16] - FTL ;’ﬁf o #-BiET B ¥ (logical block address) /& 3] 12-FF 35
BRI F 8 > F TR B AR S R  F {F Rk «»1%

R R SRR TFAE R o 57 fadF bad block g 12 T‘ul& <+ & wear-leveling[17] -

My E R BT AR M R B iﬁﬁ;ﬁ-“ﬁ% ~ % T (garbage collection) -

1



# 1 : NAND/NOR -

iRt i [18]

7 p NAND NOR
Capacity 16MB to 4GB 1MB to 32MB
Perforance Fast erase, fast write, fast read Slow erase, slow write, fast read
Program unit Page Byte/Word
Erase unit Block (16~128KB) Sector/block
Ideal usage Data Code
Erase cycle 100,000 ~ 1,000,000 10,000 ~ 100,000
Reliability Low, requires 1~4 bits Standard
ECC/EDC and bad block
management
Access method | Sequential Random
Cost per MB Low High
=8 DEVICES x16 DEVICES
Blook = 32 Block = 32 Pages
Fage = 528 Byies (S12416) Fage = 254 Words (25548)
/w*"‘ // / pe®
ml o o
1?&:‘;’3 Em[‘;,rgrt!,tea Kiain Areg
Biock:
& =3 s
o et
4— 512Bjtes _..;;l-i:‘/ A— 255 Wonds —r:f
Eufer, 512 E}V Buffer, 254 M
| 512 Bytes L EEEI | 256 Words H‘lsﬁ:
Bl 1: NAND - seli il o %7 3 FI[20]




TE o I00~107
WE —— I08~I015 (x16 Only)
RE—3 —R/B
ALE ——|
CLE ———|
WP ——
VSS
Bl 2 NAND {- 3eiidt i35+ % 5 7 L W[20]
1015 - 108 Data Input | Outputs %16 only)
107 - 100 Diata Input | Outputs
CLE Command latch enable
ALE Address |atch enable
I== Chip Enable
[RE Read Enable
[WE White Enable
We White Protect
m Ready | Busy
=4 Pawer Supphy
[ES Ground
NC o Connection

Bl 3 : NAND H-Fe el iz B2 6 2155500 [20]

17 % SSD (Solid-State Drive) P %542 » &4 8| T %k B A 7 iha® »
KGR L BY R AR AP SR o AR 0 L RN A
PR T4 A K € Rl ik — Tt b o F] G P e R s
S B AR o AT RV s R 5 AR R S AP BT B e
B o FRA o dow ATit o Wi Disksim © ik k ALa T T AR iiﬁﬁ)}%’
TRV Rk BERR A PR TREEL > VI LG AR ﬁ#‘ﬁ%’ﬁ%ﬁ‘“” PP 2o iR
REE T k3o A7 P A ® chDisksim 4.0 7 ¢ oF 5 4~ NAND -

3 o Uk SRR A SR 2R NS A I L



IR A UT Y (Bldet FTL > Flash % 5 507 1) a0 SR i B T

L‘O

-

*&F{ﬂ’ﬂﬂgiﬁV°mwwnmﬁ FIRE > 21T R g~ gyt
TEE A AR o BRSPS L2 B el RS S SRR R
P kSRR A 0 80 TR MH T OTF T (70 Disksim - So Rl
% % (disksim_nand.c) ~ #7441 ®(disksim_ctlrnand.c)#icg iie 2 H sy st S o

P e aw 4 1E Disksim Ry 2 Kﬁb}iﬁ%ﬁﬁ »H BB 2K T F T
Rtz iBgE o ST 5 RE o 2 PR IR 0 AP e

BehG ol S B (R B FTL o (Fh 400 7 2 8 e
FTL 2 %% -

A NP e BRG] B RTD2950 15 5T o 0 Vs B
Hynix HY27UF082G2B ¢ 4 P &2 Disksim i :xfs erfiheis ¥ » 34 W 4
5.84%r1ph o EF Mﬂ?‘ii‘? * e Rl o

Rihe HARSTR e T 8 - 345 i Disksim e 72 2~ i
% 4p B el F”’cf%ﬁ*’fén" GEIEF ~ AhT TETE &2 PR
#c% Disksim z_ 9 iTi2 e& R R FHRIRE Y I % - B
SN SRS h X



% 7% Disksim s 2 H 3 &Rl i NP B e e P
et B e > T %4 Disksim snpidb K E AR ¥ hATH

disksim_nand.c & - iefB B o gt b P RileE s év’ﬂ?viruj%“,ért (Block
erase) ¥ iy o IO E b d P BT REZR N S (copy back program)
P9 e B ik > Fp AV T AT s R4 B disksim_ctlrand.c gt ¥4 5 2
* oo 1T A g4t Disksim 4.0 ZEHE ~ PP R E S B T e

2.1 Disksim4.0 7
211 iis?] » L’f’ﬁ%] a1
Disksim 4.0 4 {7pFF T & & Soedpd¥ 28 o T 3> B 4 & parameter file
¢ oo B Ve 2 Disksim £ [6] 0 P e E i S8R T B lkE
IREo.Fiiki DEREIEs Sl EEF: S o« 1= FERiks o
B 2 R)d trace file ﬂi%lﬁ » HA 3 s 0 ¥ Aahascii $h5N ik
% <time> <dev No.> <block No.> <block count> <flag> :
(D) time £3F 23|Eenap @, NEFLHE - AR PN PR AR
BERE o
(2)devNo. # - BiHc * KINAE 2 & Bl (V5o
(3) block No. n\?« Z 10 £ 2513 - BRAH o
(4)block count E_~ % /O ¥ i 3P~ Bl B #c
(6)flag £* kg FEagpet T bl4e: =2 0% 5 1 %74 read >
0 % & _writee 2 s ez &7 %% disksim-4.0/src/disksim_global.h
Infofile P fics s > ¢ FARHEHES &R BE -

Parameter
file

Disksim 4.0




@ 4 : Disksim 4.0 %J%/j A1 & B

1. Trace #%
p v disksim L3200 SfEe N e
(1) ascii
(2) hpl, hpl2
(3) dec
(4) atabus
(5) ipeak
(6) postgres
(7) emcsymm
(8) emchackend
(9) batch
METILRE R R MAEHRE p L o 2 I
(1) % disksim globalh # ¥ 3;— R e #ic
(2) #gHs\B— 3 8 LA T & disksim iotrace.c ® =iiotrace_set_format()
BIAZSN P Ao r F P LAY BRSNS
cmp(formatname, "0 f
disksim->traceformat = C \ULT;
else if (stremp(formatname, "ascii™") =
/*d at */
disksim->traceformat = ASC
} else if (stremp(formatname, "xxxx™") == 0) {
/* User-defined format */
disksim->traceformat = XXXX;

B 5: p % trace ;%2 425578 7% &)

} =~ disksim_iotrace.c ¢ X7 ¥ ®m A2 P o d4¢
lotrace XXXX_get_ioreq_event o v e & 74 5¢ fjk%b@%] » e trace #§
e - Bp o XXXX #i8agBdyit > RisEz 2 - B disksim
I NE A i N g x AR E

(4) 4o% p He 58 trace #hk G £ B ’ J’KJI‘ Z & % disksim_iotrace.c
POAT 4 - |otrace_XXXX_|n|t|aI|ze_f|Ie0 Bl A2 3 0 R A

6



iotrace_initialize_file ¢ 4c » iffelse Zi|#raieted2_ o
void iotrace_initialize_file (FILE “*tracefile, int traceformat, int
print_tracefile_header)

}else if (traceformat == XXXX) {
lotrace XXXX _initialize_file(tracefile, print_tracefile_header);

Bl 6 : A=dnit p TFES A B A2 AR T B

2. Btk (parameter file)
Disksim i & £ 3% 16 S Bohh ek 2008 F038 2 ~ L7 e AR
Foo Tt A2V ¢ libparam & P grerfgst KA 47 S Bdn o nEE o v AR £
VSl L= iefReEER KK T 4o 7 57 Init Seed =427 0 & F LR ¥
sourece “another_file” iz ip#f v C 4258 3F 5 Z e #include 327% > g it = #
AP Lo H i med il 7 Sy @ P [6] o U] TP
disksim_global Global {
Init Seed = 42,
Real Seed =42,

}

disksim_stats Stats {

lodriver stats = disksim_iodriver_stats {
Print driver size stats = 1,

Print driver locality stats = 0,

vy

bus stats = disksim_bus_stats {

Print bus idle stats = 1,

Print bus arbwait stats = 1 },

ctlr stats = disksim_ctlr_stats {

Print controller cache stats = 1,



Print controller size stats = 1,

Print controller per-device stats = 1 },
device stats = disksim_device_stats {
Print device queue stats = 1,

Print device crit stats = 0,

Print device buffer stats = 1 },

process flow stats = disksim_pf_stats {
Print per-process stats = 1,

Print per-CPU stats = 1,

Print all interrupt stats = 1,
Printsleep stats = 1

¥
} # end of stats block

disksim_iodriver DRIVERO {

type = 1,

Constant access time = 0.0,

Scheduler = disksim_ioqueue {
Scheduling policy = 3,
Cylinder mapping strategy = 1,

}, # end of Scheduler

Use queueing in subsystem = 1
} # end of DRVO spec
disksim_bus BUSO {

type =1,

Arbitration type =1,
Arbitration time = 0.0,

} # end of BUSO spec
disksim_bus BUSL1 {

Read block transfer time = 0.06912,



Write block transfer time = 0.06912,

Printstats= 1

} # end of BUS1 spec

# component instantiation
Instantiate [ statfoo ] as Stats

instantiate [ busO ]
instantiate [ nandO]
instantiate [ busl ]

as BUSO
as NANDO
as BUS1

instantiate [ driver0 ] as DRIVERO

instantiate [ ctlrO ]

# system topology

as CTLRO

topology disksim_iodriver driverQ [
disksim_bus busO [
disksim_ctlr ctlrO [
disksim_bus busl [
disksim_nand nandO []

]

# end of busl

# end of ctlrO

]

# end of busO

]

# end of system topology

ot

Rl 7

9

v -
Bt 7T

FHAT A EZ B
(1) Global block @ * 3 & & B B3RPk € * Flenddic o

| )

2

(2) Stats block : * k3% g—k@%};,; Bl it i@ o

@) VO F s buctriLfe :

Disksim 7 w & ~ i

,_,_

DEREARSS R S AR

Frig s Y o ¥ by f%fuﬁrfﬁnw (FLaiELided ~ o
(4)~ iz LRt (mstantlatlon) PA) TAE g AR R SRR L TR
B SR BRI T Ao MRS S

kN



instantiage <name list> as <instance name>
4 instantiate [busO] as BUSO
GO + 43 @ikt § 14T
@5%1%3}‘ IR B R 0 B R el SRR R o
@F i - - BITHI B AR By R R 2 B H Y umn
A e
i HIBL T KR Rt - BREEL J s o
@- B A i FAZE 15 Bird | B R w2 4pad o
O #1 B 7 it F AZiE 4 B S min r2 4pid o

3. i A (info file)
ﬁia?]:' Fh & AR Atk 0 1 & (7 disksim_printstats() € #-3t3t
@ﬁ%] 312 info_file o disksim_printstats() #+% < s 425" 2_ disksim_iosim.c ¥

i0_printstats() » H gﬁg] d1 trace ~ iodriver ~ device -~ controller 4= bus szt iE >
Y@ 8 #7or o
void io_printstats()
{
inti;
intcnt = 0;
char prefix[80];

fprintf (outputfile, "\nNSTORAGE SUBSYSTEM STATISTICS\n");
fprintf (outpuitfile, " \n");

lotrace_printstats (outputfile);
If ((tracestats) && (PRINTTRACESTATYS)) {

} else if ((tracestats?) && (PRINTTRACESTATYS)) {

10



lodriver_printstats();
device printstats();
controller_printstats();
bus_printstats();

B 8 :io_printstats() #235% T . B

212 MR

4oB] 9 #7070 k4t = B event queue » — E e EFHERAE 2eh intQ 0 ¥
- E2 wic~ zehextraQ - Event B4 @ @ x4Fentrace i phA L 0 & d fdc
¥ 45 %2 Disksim p #8025 ;k@?] IS 31,?] 11 & 4 E(synthetic I/O generator) i $-#c
A4 o FgEaE g 4 o (S5 R A IntQ o disksim_simulate_event()
g% - B PR I i aafdsped e 45 e timer callback ~ io_internal_event 3t
FE 0 g i € f A1 en iodriver, bus,
2o figg 2 & g 2R v jTicw extraQ o

2 pf_internal event &3\ Eg2em
controller, devic % 2 &2 5 3% &l

— Call flow
....... » Event flow

intQ

(disksim_c) o Bl e, Tl g, SRR s SO .
A :

Synthetic 1/0 extraQ

generator or trace file [¢ (disksim.c)
(disksim_synthio.c) AA A :
: - iodriver event ~ {eeeeee . ............ ,.
Y o e handlers P :
, Y (disksim iosim.c) :
» timer callbacks : : :
disksim_ bus event_arrive ........ . ............ >
; : . callback ..., : :
simulate_ : Y 7" (disksim_busc) |7
event | pf_internal_event
(disksim.c) (disksim_pfsim.c) controller event  |..... feerreeenes >
> handlers :
(disksim_controller.c [* ¥ :
»| 10_internal_event | | v
(disksim iosim.c) device event_arrive
callback

> (disksim_device.c) [T

11



B 9 : Disksim 48 2 H )

22 HEIERERT
BIRF kT h ALY o AP A e R Al Sk ol
FAlGES A o AR R EAPETOLE P FE T disksim ¢
TR EE O

221 AN ks
B 10 Alge ~ 3% ke snd g Fenf® > ¥ § F - H B E it
FEE &% disksim oSk SR B 7 K B iR i) B (controller)
21 2E % (device) ¥ o

Internal

Flash controller _— >

00 47 % st PP S iB A 2 4

222 HEF AT Lk
Bl 11 24 2l A1 kS doddpa ~ SSD et o H 3
A B oM e R ¢ - A2 B BEA G (4o USB - IDE &
CardBus ) 7 3 i sy(host system)ip:dt - i * disksim f3tiethan t S8 T &
USB #5415 ~ USB ®eimidt ~ B-FP el lird | & ~ - eI AR -

N

12



USB/IDE SSD/Flash Internal
USB/IDE Bus /Flash ey

controller

B 11 : s s R 2 )

23 E-PieR AR oA (disksim nand.c) F F
PP 2o BB A B oA S A # e F 0 R Disksim p oy s fAkE g %‘z
RS RN AR ITH AONIFL R AR 0 RV Sl ey LR
;ac'%@n%%@ﬁ P R Ty o BETH G T g A AP R L REEN
R Ok et ipe[19,20,21]) > BFIRHE E & e Bopddok 2

Z 20 & FE:F NAND E-Pzeigfl - £ Bt i
 Hynix

Numonyx Samgsung

et ° ° °
Status read ° ° °
ID read ° ® °
Page read ° » °
Random Data Input ° ° °
Random Data ° ° °
Output

Page program ° ° °
Block erase ° ° °
Cache read ° ° °
Cache program ° ° °
Copy back program ° °

Multi-plane ° °

program

Multi-plane block ° °

13



erase
Multi-plane copy ° °
back program

FERE R R GATOE-P R A S LG § nT 71 g
¥ § % 4p £ >4 cache read ~cache program ~ multi-plane program ~ multi-plane block
erase = Multi-plan copy back program - % € fidg Bomkit 2 & §.5 7 £RHa
By FltAPRAEENEM OGS > TERER X LRPAEDHL  FL
PP 2o iR s % 2kt (disksim nand.c) #0i & 745 o drk 3o

F 3 R-MERMAE AL EZ AR Y IS
NAND B¢ £ i
Status read Page program block erase z_ s ez = ]k
T FE 20
Page read ¥ disksim ¥ % _#& 0 block read: & ¥ -
block read
Page program + 32 disksim ¥ Z_s& < block write
Block erase d disksim_ctlrnand.c ;4 Z_2_ block erase
Cache read Disksim *® &3 % i blocks read
Cache program Disksim ¢ &% i blocks write
Copy back program d disksim_ctlrnand.c * =7 FTL callback
T A

0B L0 AR ST A R e
231 GB-PER Sk
Z 47T P ¢ T R Sl

E oY) R gl = A ]

% & E
tels CLE setup time
teLn CLE hold time
tes /CE setup time
tch /CE hold time
twe /WE pulse width
taLs ALE setup time
taLH ALE hold time
tos Data setup time

14



toH Data hold time

twe Write cycle time

twh /WE high hold time

tr Data transfer time from cell to register
tar ALE to /RE Delay

tcLr CLE to /RE Delay

trr Ready to /RE low

trp /RE pulse width

twe /WE high to busy

tre Read cycle time

tReA /RE access time

trHz /RE high to output high Z
tchz /CE high to output high Z
tcon /CE high to output hold

tRHPH /RE high to output hold
trLOH /RE low to output hold

tREH /RE high hold time

tir Output high Z to /RE low
ter /CE low to /RE low

taDL Address to data loading time

twHRr /WE hlgh to /RE low
tRHW /IRE hlgh to /WE low

1. Command overhead

A4 g % command overhead 5 374 B d e £ A1 ER > d A7 en
4 FE&F ehcycle i ¥ * g £ —erase, read, program ¢ 0 ff B PER
TP _read 0 L0 R HIRZ o A H g 4 4 9rE g B command
cycle #vwz £ 7 i# address cycle o

(1) ¢ B 12[20] > = ® command cycle s R 53t 2%(to sHeo ) ©

(2) ¢ B 13[20] > T # address cycle =P ¥ & 3 4%(twpttwn) ©

(3) # @ 13>command cycle £ addresscycle ¢ B Fg tas> @ address cycle

2 18 & B IR tan © tarstan 3 F E 3% tostto i [20] ©

F]#t command overhead = 2*(tc) s+t n)+4*(bwptHtwn) + tersHon=
3*(testHeom)+H4* (twettwe) ©

% % _» i address cycle 7 command overhead B %
3*(teLsHoLm)+3* (twpttwe) ©
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. IR

i8] 13 : Address Latch Cycle [20]

2. Bulk sector transfer time
T s @@?J 512 F ~ 7% crpF [ 5 4ol 14[20] o tre & 38 B~ F R IR PE
@@?]8 AR 16 AR oty (B 16) 28 ~ %ﬁ:i%;‘ﬁ:}z&p&@ﬁﬁs g 16
e o2 NAND % 8—bit§ig?]»/$g?]:'1i}a P 5 B512%pc: % 5 16-bit Fr @ o
Pl % 256™pc @ BEZRGEBS (o) BB~ (twe) ¥t 3 o 0 73 GV P T 5 R
R B o AP ARG AR o
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] 14 : Sequential Out Cycle after Read[20]

3. Cell to reg time
TE BT read 4 1o PP RPN IRF U - B RTR
G E AR ARG R L F B P RB LS 0 RSB PER
EEFERT > LB 15[20]2 R e

ae /N P
e

WE

me [/ 3¢

RE

el S T T
RID pous

i8] 15 : Read Page Timing[20]

4. Program time
TE DI HIBT 2 program & £ (0x10) 18 o B-FR iR R € B 4Tk
MNEHRE »tEFHE > P RB AL 0 cigE R > 75 B 16 [20]2-

trroG °
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e juwan .

1AL e 4@ e i e
ALE 4 ", s
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" T

WO S e ol Program
W=t Emod In Program

MCOTES - BADL b thes s From e VE risi ng g of fin sl acdresss cyds o Hhe V2 ding sdgeol st dete odle

B8] 16 : Page Program Timing[20]

5. Block erase time
€& I FT 2 erase 44 (Oxd0)id o PP AR B4R N IR
HAo pt s RBAELE O chich R > & Bl 17 [20]2 tages ©

CLE e A A Ly ", f
e

a3 £ h i
-« T e
oG _
Mg AT TN
B B py
Ifox o &tk M}@-uﬂ}pqu Dok | { Tih { 1D
— | PageRow) Addres
R/B - Ir
st Block Erase Setup Command 2 Read St JO0=0 Successhul Erase
Eraze Command Ciomemand Vi0=1 Emor i Erase

i8] 17 : Block Erase Timing[20]

6. Write enable high to busy time
TE P HAIET = program ¢ 4 (0x10)fs - & RBELD 1 % 0 gkl
Eg‘ﬁs'l& ’ ?:» %] 16 Z_ tWB °
7. Status read time

18



T & = B 18[20]% tostipntic rHreattriz © Status read 1‘@54* SR SIE B
block erase £2 page program 2_{é » % kg - 2okl R TE S Rl
T RET o BAL o Km o W AERBRS %Wi%”ﬁ?ﬁ‘l% Fr AR p
% (8P| erasefprogram # (T H F = > @ A * ¥ ehgF g status read &4 0 B
ST K5 00

e R

J— M‘P—'I!r
WE 1 b— o — THT

BoOH

UAHE
RE ]
[
I -, i

[ = fh Stahus Outpyt | f——

i8] 18 : Status Read Timing[20]

8. Cache program busy time
& L 4A 1 ET = cache program ¢ 4 (0x15) » ¢t f8 RIB3AgL:E 0 gk
PEFF > T 5B 19 [20]-1 tBLBHS °

First Page ) Second |

i8] 19 : Cache Program Operation

9. Address to data loading time
T fprogram 4P o R BB phis JRaE - o ERPER A At

19



B 4pi% o st 2t 2P A P 5 address to data loading time > < 5 B 16 [20]2 tapLe

232 kip st ﬁ]ﬂz

0 R PR e MG ks i (BHe s FTL GRS 2 > Flash # 5 k5t
LS E ) AR o A O G HORRE AT ST A

2% B~ block #c

B ~ block #

. block ¥ .3k K,ért T #ic

.?%@ﬁ%@

CEABEEFRER D R trog * teers ? tasHs R L fr o

O~ W N P

24 PPl REd] BRTRAL T (F
,% 7 3 4e disksim_ctlmand.c #F > 24 iFre 73 joreq event flags hE & %2 3
v disksim controller.h p s%dic -
24.1 ioreq event flags =% &
@ 20 ehioreq_event & Disksim * % % & F 2 e o Ap A R 4o

4 5o
4. 5 : structioreq_event #p B 1§ 3P

B = L

Time A R

Type ¥ & fE R sl

Next ¥ PG e A ik
Prev ¥ 2G5 e Sam p ddp ik
Bcount T 2 8 block #cp

Blkno T %2 8 block A=4s %5
Flags F i @ BRI B L RACR

21 -

B A7) % o Disksim p 2 S35 # 4 e s ¢ (eventdispatcher) -
B0 S 0 PP e £ o AR |oreq_event e flags f# i=(® 20) -
EFETRFTTABILABRYEE - AP ere Bia o 3 g
Trace file @?J» s 4off) 21 e kg o ipw BimaA bR AT PR
1. NANDFLAG BLOCKERASE: » % i+ % erase ¢v4 > m 254§ o

20



2. NANDFLAG _CACHEREAD: % i# %2 i * cache read ¢4 » m 2t— 4k
page read -
3. NANDFLAG _CACHEWRITE: % i¢ 5 ¢ * cache program ¢4 » m 2t—
4L £ page program o
4. NANDFLAG COPYBACK: /* ¥ 272 § H ¥ eamg v 8 » @ £ 7 copy
back » Fr:E B~% - page f$ > B I|¥ - page °
typedef struct ioreq_ev {
double time;
int type;
struct ioreg_ev *next;
struct ioreq_ev *prev;

int bcount;
int blkno;
u_int flags;
u_int busno;
u_int slotno;
int devno;
int opid;
void *buf;
int cause,

} ioreq_event;

i8] 20 : struct ioreq_event
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#define DISKSIM_WRITE 0x00000000

#define DISKSIM_READ 0x00000001
#define DISKSIM_TIME_CRITICAL 0x00000002
#define DISKSIM_TIME_LIMITED 0x00000004
#define DISKSIM_TIMED_OUT 0x00000008
#define DISKSIM_HALF_OUT 0x00000010
#define DISKSIM_MAPPED 0x00000020
#define DISKSIM_READ_AFTR_WRITE 0x00000040
#define DISKSIM_SYNC 0x00000080
#define DISKSIM_ASYNC 0x00000100
#define DISKSIM_10_FLAG_PAGEIO 0x00000200
#define DISKSIM_SEQ 0x40000000
#define DISKSIM_LOCAL 0x20000000

#define DISKSIM_BATCH_COMPLETE 0x80000000

#define NANDFLAG_BLOCKERASE  0x01000000
#define NANDFLAG_CACHEREAD 0x02000000
#define NANDFLAG_CACHEWRITE  0x04000000
#define NANDFLAG_COPYBACK 0x08000000

Bl 21 : ioreq event flags 4 =% 5

242 FrH|Benddic
Fi A EE B EANE S Sy ¢ 4 > 4 cache read » cache program >
PR e R 0 A KT A § AT (e £ FIR AP AR
¢ disksim_controller.c 773 %-#ic (B 22 2 param) MK T H 75 o
typedef struct controller {

int ctino;
int type;
int param,; // bitmap parameters for NAND controller

int pages_per_block; //For FTL
int blocks _per _chip; //For FTL

} controller;

B] 22 : struct controller
#define CTRLNAND CACHEREAD 0x00000001
#define CTRLNAND CACHEWRITE 0x00000002
#define CTRLNAND COPYBACK 0x00000004

B 23 : controller param =_

22



Bl 23 enfudic i * Rk TP e B 4 Al et i
FIBAE B BEEY F‘*}? c €3k B 21 HRvER - B 24 12 cacheread 3 B
static inline int CACHEREAD (controller *currctlr)

{
return (currctlr->param & CTRLNAND_CACHEREAD)?1:0;

}

static void ctlrnand_check cacheread (controller *currctlr,
ioreq_event *curr)

{
if (CACHEREAD(currctlr) && (curr->bcount > 1)) {

curr->flags |= NANDFLAG_CACHEREAD;
¥

B 24 : drd iy 4 & F 2 R0 ((disksim_ctlmand.c) T 5]

243 pR-PrelpigEie k (FTL)
IEEETC EE R STt e B S T L TR

A FIH F RS E 2 TR 4 (copy back) > @ ¥ 2 d PR T BT R
TREFONNGE o Fp o NP EE A M EREE DR —
ctimand_ftl_check() > sz B @Az AL FTL /822 F & m Bic 2 Z RIIF *
imﬁd,f g 2 2 & efed ctlmand_issue_blockerase() ¥ ; ¥ ¢b > EE B ITEE
“b e page copy » ¥ & »¥ v cltrnand_issue_copypage() > H b ¢ St H S #ciT L
B RS

244 i «u#@:}

PR SRR B T B TR w45 8 (copy back pages) kit iF G ok

o

=

o

N
u*\i- _"'
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31 FEHT

g

§
i
4=

P EREA PR B R A B 25 2 RTD2950" % suf & T 5
R RA LT poniuRFR S R SRR E R it
Pz NAND H-PF e Rtlird] % 5 B 26

* 432 -RTD2950
AT ERRT P
Hynix HY27UF082G2B - RTD2950 hfic s~ » 3L % 6 ¢

®

>
5 5 RAB4 DA9

B 26 : HY27UF082G2B R %
"RTD2950 % Realtek semiconductor

7

=~

P 4&&%}:#'] B B

PR B LR ALY o
24



3.2

% 6 : RTD2950 45% 7% ~

N x
CPU MIPS 4KEc
CPU = (e#i & 189 MHz
DDR2 1 %47 378 MHz

DDR2 RAM 7% & 128 MB
NAND IO 1 i#4g & | 7.375 MHz
NAND =% 7% & | 256 MB

Disksim 35t 3K €
iR o) 27 TEE TAT 5 4 SUdpiER 2
# system topology
topology disksim_iodriver driverQ [
disksim_bus busO [
disksim_ctlr ctlrO [
disksim_bus busl [
disksim_nand nandO []
# end of busl

© Bl4cm@ 28 o

C\‘ﬂ\ﬂr

]

# end of ctlr0
]
# end of busO

|
# end of system topology

Bl 27 : F%RREIpE R T

25



3.3

driverQ

A 4

busO

A 4

ctlrO

A 4

busl

A 4

B 28 : F STk AR 2 R

Bk
AL B 29 72K T 5 nand0

o
B

231 97 K PER B2l R

block erase, page read, page program g4t B — ¢ £ Plif- B AR F e > B

Tioi 0 49 R B de
disksim_nand NANDO {
Block count =
Command overhead =
Bus transaction latency

Bulk sector transfer time =
0.025,

0.200,

1.5,
0.0001,

Cell to reg time =
Program time =
Block erase time =
WEDh to busy time =

Status read time = 0,

Cache program busy time =
Addr to data loading time =

Never disconnect =
Printstats = 1,

1,

} #end of NANDO spec

100000,

0.000945,
0.0,
0.06912,

0.003,
0.0001,

i8] 29 : NANDO specification using typical value (RTD2950.parv)
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1. Command overhead = 3*(te st ) +4*(twptHtne) = 135 ns * 7 = 0.000945
ns
Bulk sector transfer time = 512*135 ns = 0.06912 ms
Status read time: #] % RTD2950 =i+ % £ 3 R/B sk fg g B~ » F|pt
*RIR R R D readstatus o 4 0 FIh S 0o

7 H- ¢ fF 2 BoRE R R

‘Command A Disksim (ms) B.RTD2950 (ms) C. 34"

Block erase 1.501045 1.324519 11.76%
Page read (512 bytes) 0.095065 0.096593 1.61%
Page program (512 0.270165 0.259259 4.04%
bytes)

F 73 Disksim &2 %L 5 & derlidp £ B o Hi8AL R F]A & B3RP
el A8 specifications #7§'F 2 Byp i & § - TALRZEZL o blet AP LBE
A REREE Y LR OR/IBFEAERF[20]FE AT oo A P iR B AL
AE >3- TF BRI PR L RT R A0& 8o

#. 8 : Busytime " $iz %

27 @[20] (ms) FEE (Ms)

Blockerase | 1.500000 1.322000

Page read (512 bytes) 0.025000 0.021200

Page program (512 0.200000 0.183020

bytes)

SO AEEBENTILL STFRELITE 4@ 30 - i * Disksim

g viEA 92 ARRSE -
disksim_nand NANDO {

Block count = 100000,
Command overhead = 0.000945,
Bus transaction latency = 0.0,
Bulk sector transfer time = 0.06912,
Cell toregtime = 0.0212,
Programtime = 0.18302,

YAzt EE a5 C=abs(B-A)/A

27



Block erase time = 1.322,

WEDh to busy time = 0.0001,

Status read time = 0,

Cache program busy time =  0.003,
Addr to data loading time = 0.0001,
Never disconnect = 1,

Print stats = 1,

Max queue length= 1,

} #end of NANDO spec
i8] 30 : NANDO specification using measured value (RTD2950_fix.parv)
# 9 1 { ATSH(S 2 PO T SRR

'A. Disksim (ms) B. RTD2950 (ms) C. %%

Block erase 1.323045 1.324519 0.11%
Page read (512 bytes) 0.091265 0.096593 5.84%
Page program (512 0.253185 0.259259 2.40%
bytes)

#4445 Page read f%*,% ok GERE R F At L @ r Disksim BIgPF > ¥

e R RE B pERY o @ A RTD2950 FipliFcliciie 7 3% Tt | BE B
»Lg&a{zm@%gkﬁg%m PRI o 3 Page read “TALpFRF AR $T 0 o
A w2 GeREAE B PERF Ar bl B AR R R

7 iE Y — gk {i&%*fﬁi S RE B pERF 4 & Disksim £ jodriver 2
BoiFtks T UL A 0 BRI F MY TR
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Disksim %47 3 #8713 % Susae P AR 28 > @ ¥ R Lot~
§ OG5 < AR G L LS L R
Bhiwo “$ Ty Hoigaket l% H# i L3 NAND - ielgilits f 3 I &

T ’E.-ﬁéj‘v *rﬁﬁrh‘ ° ﬂ‘kj" _sBA 2R3 A e e
SRR Rt o TEREFATE ARMAEZ AR A H e o Ky HTH

SER RGP 0 F AT *'x;;/EJFém‘*%Mm@%:’%m‘z‘* BEA

B 4 584% Mo Fpt A FF LT L B el g 5T (Gl4e i FTL
Flash #% 5 57 7 ) e Bk sti ;T L 5 o
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